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68 The Journal of Thoracic and Cardiobjectives: The study objective was to determine whether gender is a determinant
f in-hospital mortality after surgery to repair congenital heart disease in patients
ged 20 years or less. Secondary objectives were to determine other factors asso-
iated with increased risk of death and whether female gender is associated with
ncreased length of stay or total charges.
ethods: The study included a retrospective cohort consisting of all records indi-
ating cardiac operations within the Healthcare Cost and Utilization Project Kids’
npatient Database for the year 2000. Logistic regression was used to simultaneously
valuate the effect of gender on the risk of death while adjusting for all other factors
eing considered. Logistic regression was then used to evaluate possible differences
n length of stay or total charges.
esults: Female gender was associated with increased risk of in-hospital death when
ll of the other measured factors were taken into consideration (odds ratio 1.31, 95%
onfidence interval 1.02-1.69). Other factors that were significantly associated with
ncreased in-hospital mortality after pediatric cardiac surgery included the number
f days between admission and operation; African American race; young age
neonates and infants compared with children aged 1 year); pulmonary hyperten-
ion; and the Norwood operation. There were no significant gender differences in
isk-adjusted length of stay or total charges.
onclusions: In-hospital mortality after pediatric cardiac surgery seems to be
ssociated with patient gender but not with the type of insurance or ability to access
igher-volume pediatric facilities or teaching hospitals.
ifferences in outcomes for illness and treatments between males and fe-
males are increasingly being recognized. Surgery for heart disease is of
particular interest because women have been shown to experience worse
utcomes than men after coronary artery bypass surgery.1-3 Although this difference
n outcomes has been documented in several studies, the underlying reasons remain
bscure. Investigators have proposed that gender differences in postoperative out-
ome are due to a variety of factors, including biologic differences, different use of
npatient services, and poorer social support networks.
It is less clear whether gender affects survival after pediatric heart surgery.
efore puberty, hormonal effects are less prominent, but despite this, there is ample
vidence that gender differences in mortality and morbidity become apparent early
n life. Among chromosomally normal conceptions, males are more likely to be
pontaneously aborted than females.4 Males are also more likely to be delivered
rematurely5 and to die from neonatal respiratory distress syndrome,6 neonatal
eurologic complications,7 and birth defects.8
Despite this evidence that gender may affect the outcome of disease processes in
hildren, the effects of gender on outcome after pediatric cardiac surgery is uncer-
ain. Numerous studies using data from single centers or combined data from the
vascular Surgery ● March 2007
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Dongenital Heart Surgeons Society have not demonstrated
ender differences in surgical outcome for a variety of
perations to correct specific kinds of congenital heart dis-
ase, including transposition of the great arteries,9,10 atrio-
entricular septal defects and atrioventricular canal,11,12
ypoplastic left heart syndrome and other forms of single-
entricle physiology,13-16 aortic stenosis or atresia,17,18 and
ortic arch interruption.19 However, these studies were sub-
ect to a variety of limitations, including potential selection
iases, relatively small sample sizes, and limited ability to
djust for potential gender–procedure interactions. Only one
tudy, by Chang and colleagues,20 evaluated a relatively
arge number of inpatient hospital records that encompassed
ll significant congenital heart operations with the intent to
scertain a gender effect on outcome. Although females were
ound to have higher odds of death, the study was limited to
single region, did not consider low-volume hospitals, and
as restricted in the number of procedures per each hospital
ischarge evaluated. The effect of these limitations on the
isk estimation is unknown. The objective of the current study
s to determine whether the risk-adjusted probability of
n-hospital mortality is higher for female pediatric patients
ndergoing cardiac surgery and to identify factors associ-
ted with any difference in outcome, studying a wider set of
ovariates with a larger data set.
aterials and Methods
his study was approved by the Committee on Safety of Human
ubjects of the Children’s Hospital of Philadelphia.
ata Source
he Healthcare Cost and Utilization Project (HCUP) Kids’ Inpa-
ient Database (KID)21 contains information from a nationwide
ample of pediatric discharges from community hospitals in states
hat provided inpatient discharge data to statewide agencies. The
ID sampling frame consists of all US short-term, nonfederal,
eneral, and specialty hospitals that had pediatric discharges in the
7 participating state databases for the year 2000. Ten percent of
ncomplicated births and 80% of other hospitalizations for chil-
ren 20 years and younger at the time of hospital admission were
ampled from all hospitals in the sampling frame. KID contains
nformation on more than 2.5 million pediatric discharges from
ore than 2700 hospitals. Discharge weights are provided with
he KID and can be used to obtain national estimates of hospital-
zations within the United States. Detailed information on the
Abbreviations and Acronyms
CI  confidence interval
DRG  diagnosis-related group
HCUP Healthcare Cost and Utilization Project
KID  Kids’ Inpatient Database
OR  odds ratioesign of the KID is available in the special report on Design of the t
The Journal of Thoracicids’ Inpatient Database, 2000, found on the KID Documentation
D-ROM. The KID data include more than 115 clinical and
onclinical variables for each hospital stay, including primary and
ncillary diagnoses, up to 15 procedures per hospitalization, ad-
ission and discharge status, patient demographics (eg, gender,
ge, race, and median income for home zip code), expected pay-
ent source, total charges, and length of stay. Hospital character-
stics, such as location (census region, urban, or rural), size (num-
er of beds), and teaching status, are also specified in the KID data.
ase Selection
e studied information from discharges with at least one Interna-
ional Classification of Diseases, Ninth Revision, Clinical Modi-
cation procedure code, which indicates surgical procedures for
epair of congenital heart disease. In addition, to identify hospi-
alizations during which a Norwood procedure was performed, we
ncluded information from records that contained both a diagnosis
ode of hypoplastic left heart syndrome (74.67) and a procedure
ode of cardiopulmonary bypass (39.61). For consistency with
ther classification schemes, we excluded closure of patent ductus
rteriosis from our analysis.20,22
tudy Variables and Risk Analysis
n-hospital death, identified by the discharge status in the KIDS
ata set, was used as the main outcome variable. The unadjusted
dds ratio (OR) for each putative risk factor was initially evaluated
n the univariate analysis. To adjust for the effects of other risk
actors and potential confounding factors on each putative risk
actor, we then performed multivariate logistic regression analyses
hat included patient-related, health care system-related, and clin-
cal factors as independent variables. In our analysis, each inde-
endent variable was divided into mutually exclusive subgroups
o characterize each hospitalization. In addition to gender, the
atient-related variables included age, race/ethnicity, and family
ncome (by median household income of the patient’s home zip
ode). Health care system–related variables included the calendar
uarter of admission, number of days between admission and
peration, type of admission, source of admission, type of insur-
nce, hospital teaching status, hospital case volume for pediatric
eart surgery, and state in which the hospital was located. Medical
ariables included the type of primary procedure and the presence
r absence of each of 4 comorbidities. Because pediatric cardiac
urgery is composed of a large variety of different procedures, and
ome procedures are rarely performed, it is usually impossible to
erform meaningful analysis considering each type of operation
eparately. Therefore, several algorithms have been developed,
enerally by expert opinion, to group similar operations into cat-
gories. We used a modification of Chang and colleagues’20 re-
nement of Ericson and colleagues’ classification scheme,23 and
lassified each operation into 1 of 21 mutually exclusive groups
Table 1). To determine which procedure was classified for each
ischarge, we examined all of the 15 or fewer procedures listed in
ach discharge record. Each record was assigned to 1 of the 21
rocedure groups. For consistency with a previous model of mor-
ality after cardiac surgery,20 we also included 4 comorbidities as
ndependent, nonprocedural variables: Down syndrome (Interna-
ional Classification of Diseases, Ninth Revision, Clinical Modi-
and Cardiovascular Surgery ● Volume 133, Number 3 669
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DABLE 1. Characteristics of records with International Classification of Diseases, Ninth Revision, Clinical Modification
odes for cardiac operations in the Kids’ Inpatient Database 2000 data set21
ariable Records (No.) Deaths (No.) Mortality (%) Unadjusted, univariate probability*†
otal 10,282 474 4.50
ex .466
Male 5589 250 4.44
Female 4692 224 4.56
ge
Neonate 1364 199 15.23 .009
Infant 2100 75 3.23 .001
Child 5359 71 1.15 .001
ace
White 4516 178 3.90 .004
Black 1004 62 5.93 .013
Hispanic 1897 96 5.01 .300
Other 2498 127 4.9 .194
nsurance
Private 5352 222 4.11 .069
Medicaid 3574 177 4.86 .113
Other insurance 540 23 4.26 .916
Uninsured 406 21 4.05 .690
edian annual income for patient’s zip code
$1-$24,999 934 31 3.07 .315
$25,000-$34,999 2589 138 5.2 .043
$35,000-$44,999 2551 125 4.75 .420
$45,000 3747 154 4.04 .067
onth of operation
January-March 2166 106 4.91 .478
April-June 2490 98 3.80 .065
July-September 2628 121 4.51 .987
October-December 2113 92 4.14 .529
ay of operation .001
Weekday 9499 397 4.06
Weekend 783 77 9.8
ource of admission .309
Non-emergency 9855 450 4.46
Emergency 427 24 5.38
ype of admission .001
Elective 4934 97 1.79
Non-elective 5248 377 7.11
ardiac surgery volume
Lowest tertile 2479 116 4.60 .570
Middle tertile 2595 124 4.82 .018
Highest tertile 2654 99 3.66 .003
omorbidity
Down syndrome 794 18 2.03 .001
Pulmonary hypertension 359 32 9.00 .001
Prematurity 43 2 4.58 .001
Failure to thrive 425 7 1.65 .003
ype of procedure
Aortopulmonary shunt 1154 170 14.73 .001
Aortic valve replacement 219 8 3.03 .069
Arterial switch 454 32 8.04 .011
Atrial septal defect closure 1643 10 0.61 .001
Atrial switch 138 7 5.07 .794
Atrioventricular canal defect repair 697 31 4.45 .832
Cavopulmonary shunt 617 16 2.59 .014
70 The Journal of Thoracic and Cardiovascular Surgery ● March 2007
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Dcation code 758.0), failure to thrive (783.4), prematurity (765.0
nd 765.1), and pulmonary hypertension (416.0).
ata Analysis
ogistic regression analyses were used to determine whether gen-
er is an independent risk factor for in-hospital death after pedi-
tric cardiac surgery. For all analyses, the only dependent variable
as a dichotomous (binary) outcome variable: alive at discharge
ersus in-hospital death. For each categoric independent variable,
subgroup was designated as the reference (OR  1) to calculate
he OR for mortality for the other subgroups relative to the refer-
nce subgroup. The reference subgroups were as follows: male for
sex,” child (age 1 year) for “age,” white for “race,” public
nsurance for “type of insurance,” October to December for
month of surgery,” non-emergency room admission for “source
f admission,” emergency admission for “type of admission,”
entricular septal defect closure for “type of operation,” California
or “state,” median annual family income of $1 to $24,999 for
family income by ZIP code,” absence of comorbidity for each of
he 4 comorbidity variables, nonteaching for “hospital teaching
tatus,” and no for “birth during hospitalization.” We included
ariables representing the number of procedures performed on the
atient and the percentage of the admitting hospital’s discharges
hat were pediatric; these 2 continuous variables were categorized
nto quartiles with the lowest quartile serving as the reference
roup. Finally we included a hospital-level variable representing
he average of the “weights” for each of the diagnosis-related
roups (DRGs) associated with each patient in that hospital. These
weights” are calculated by the federal government to help deter-
ine reimbursement rates and are based on estimated resource use;
his is a marker for severity of illness. Hospitals with a high average
RG weight will necessarily have a greater proportion of severely ill
atients; the purpose of including a hospital-level variable represent-
ng the average DRG weight is to take into account the differences in
ase-mix between the hospitals that admitted the patients in our
ample. Procedures were encoded as mutually exclusive binary vari-
bles, so that each discharge record would only indicate 1 procedure
ABLE 1. Continued
ariable Records (N
Fontan operation 551
Infundibulectomy 105
Mitral valve replacement 141
Norwood 318
Orthotopic heart transplant 155
Resection of subaortic membrane 108
Right ventricle to pulmonary artery conduit 228
Thoracic vessel repair 679
Tetralogy of Fallot repair 809
Total anomalous pulmonary venous return repair 320
Tricuspid or pulmonary valve replacement 478
Truncus arteriosus repair 130
Open valvuloplasty 850
Ventricular septal defect repair 1275
Chi-square statistic. †For each variable, the number of records in eachie, each hospitalization could have only 1 value of “1” among the 21 a
The Journal of Thoracicperation types). The results of risk determinations for each group
f variables are presented as ORs comparing each subgroup with
ts respective reference subgroup. For each OR, the 95% confi-
ence interval (CI) and P value are presented.
We constructed several logistic regression models: Our first
ogistic regression model was designed to determine whether fe-
ales had a different probability of in-hospital mortality after
ardiac surgery and to identify significant risk factors for any such
ifference. A second logistic regression model evaluated the pos-
ible effects of age and different types of operations by adding an
nteraction term for each age–operation pair. We then assessed the
ossible effects of gender by adding to the original model an
nteraction term for each gender–procedure pair. Additional anal-
ses examined whether gender differences in mortality were asso-
iated with differences in health care use by comparing length of
tay and total hospital charges between males and females. Re-
ressions were performed with and without adjustment for clus-
ering by medical center, and the results were compared. Boot-
trapping was used to estimate the internal validity of the primary
odel, that is, its accuracy in the overall population from which
his sample was taken.24 All calculations were performed with
TATA 8.0 (Stata Corporation, College Park, Tex).
esults
e identified 10,282 hospitalizations during which at least
of the 21 types of heart surgeries was performed. The
verall risk of death during these hospitalizations was
.50% (n  474). Table 1 lists the descriptive statistics of
ur cohort, along with univariate analyses of their effects of
ortality. In the unadjusted, univariate analysis, females do
ot seem to be at greater risk of death than males (chi-
quare 0.53, OR 1.07, exact 95% CI 0.89-1.29, P  .4656).
his estimate ignores all other factors, such as differences in
ge distributions between males and females.
The results of the multivariate logistic regression model
Deaths (No.) Mortality (%) Unadjusted, univariate probability*†
19 3.45 .181
1 0.95 .072
10 7.09 .157
67 21.07 .001
9 5.81 .474
1 0.93 .066
11 4.82 .876
40 5.89 .010
31 3.83 .272
31 9.69
13 2.63 .044
13 9.7 .003
23 2.71 .006
39 3.06 .005
m was compared with sum of the number of records in all other strata.o.)re shown in Table 2. This analysis provides an estimate of
and Cardiovascular Surgery ● Volume 133, Number 3 671
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Dhe risk of death for females, compared with males, taking
nto account all of the other covariates. The area under the
eceiver operator characteristic curve was 0.845, indicating
hat the regression model was excellent at distinguishing the
ABLE 2. Continued
ariable OR
Two-sided,
95% CI
P
value
tate
Arizona 2.89 1.50-5.56 .002
Colorado 0.89 0.38-2.06 .779
Connecticut 5.06 2.55-10.03 .001
Florida 4.85 2.58-9.09 .001
Iowa 0.24 0.12-0.48 .001
Kentucky 2.00 0.91-4.40 .086
Mass 0.67 0.32-1.44 .308
Maryland 0.57 0.31-1.06 .074
Maine 0.45 0.23-0.89 .022
Missouri 1.02 0.33-3.12 .979
North Carolina 0.90 0.52-1.54 .703
New Jersey 1.29 0.35-4.71 .702
New York 0.80 0.48-1.35 .405
Oregon 0.66 0.33-1.31 .237
Pennsylvania 1.01 0.52-1.97 .975
South Carolina 4.89 2.71-8.85 .001
Tennessee 1.56 0.85-2.83 .148
Virginia 1.09 0.44-2.71 .855
Wisconsin 0.96 0.22-4.08 .951
omorbidity
Down syndrome 0.44 0.21-0.94 .033
Pulmonary hypertension 1.74 1.11-2.71 .015
Failure to thrive 0.46 0.20-1.02 .056
Prematurity 1.37 0.77-2.41 .281
ay of operation
Weekend 1.06 0.76-1.49 .731
olume of pediatric cardiac surgery
Middle tertile 0.68 0.46-1.00 .049
Highest tertile 0.50 0.35-0.71 .001
o. of procedures performed during
hospitalization
Second quartile 0.77 0.30-2.01 .594
Third quartile 2.04 0.72-5.78 .176
Fourth quartile 3.86 1.70-8.79 .001
Hospital birth 1.44 0.94-2.21 .093
DRG weight 1.02 0.89-1.18 .774
ercentage of hospital discharges that
were pediatric (ie, patient aged
20 y at admission)
Second quartile 0.82 0.52-1.28 .384
Third quartile 0.58 0.31-1.08 .086
Fourth quartile 0.73 0.43-1.23 .236
ospital teaching status
Teaching 1.50 0.92-2.42 .100
R, Odds ratio; CI, confidence interval; DRG, diagnosis-related group.ABLE 2. Results of logistic regression for in-hospital death
ariable OR
Two-sided,
95% CI
P
value
ex
Female 1.31 1.02-1.69 .036
ime between admission and
operation
Same day operation 0.71 0.51-0.99 .043
Each additional day between
admission and operation
1.01 1.00-1.02 .002
ge group
Neonate 3.79 2.25-6.40 .001
Infant 2.78 1.88-4.12 .001
ace or ethnicity
Black 1.64 1.14-2.35 .007
Hispanic 1.16 0.85-1.57 .349
Asian 0.70 0.32-1.53 .367
Other races 1.19 0.85-1.67 .297
nsurance
Uninsured 1.08 0.60-1.96 .796
Medicaid 0.82 0.64-1.05 .120
Other insurance 0.74 0.40-1.35 .321
onth of admission
January-March 1.37 0.98-1.91 .066
April-June 1.10 0.76-1.61 .603
July-September 1.35 0.99-1.85 .061
ource of admission
Emergency department admission 0.70 0.43-1.15 .159
ype of admission
Elective admission 0.51 0.35-0.75 .001
rocedure
Aortic valve replacement 1.31 0.54-3.16 .549
Aortopulmonary shunt 2.79 1.85-4.10 .001
Arterial switch 1.33 0.77-2.28 .307
Atrial septal defect closure 0.52 0.27-1.01 .054
Atrial switch 2.79 0.87-9.00 .085
Cavopulmonary shunt 0.63 0.36-1.12 .115
Fontan operation 1.41 0.74-2.70 .295
Mitral valve replacement 4.20 1.97-8.98 .001
Norwood procedure 1.89 1.32-2.71 .001
Orthotopic heart transplant 1.57 0.67-3.64 .295
Repair of complete atrioventricular
canal
2.28 1.33-3.89 .003
Repair of total anomalous
pulmonary venous return
2.37 1.41-3.99 .001
Right ventricle to pulmonary artery
shunt
4.20 1.73-10.17 .002
Subaortic membrane resection 0.46 0.57-3.68 .460
Tetralogy of Fallot repair 0.91 0.44-1.87 .797
Thoracic vessel repair 1.77 1.14-2.76 .012
Tricuspid valve replacement 1.14 0.52-2.53 .743
Truncus arteriosis repair 1.64 0.70-3.84 .249
Valvuloplasty 1.24 0.69-2.23 .471
edian household income by zip code
$25,000-$34,999 2.04 1.10-3.77 .024
$35,000-$44,999 2.00 1.06-3.77 .032utcomes between survival and in-hospital death.
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DFemale gender was associated with increased risk of
n-hospital death when all of the other measured factors
ere taken into consideration. In addition to gender, factors
hat were significantly associated with increased in-hospital
ortality after pediatric cardiac surgery included the num-
er of days between admission and operation; African-
merican race; young age (neonates and infants, when each
roup is compared with children aged 1 year); and pul-
onary hypertension. Down syndrome and elective admis-
ion were associated with a lower odds of mortality. There
ere also significant differences among the types of oper-
tions and different states, and among calendar quarters
higher risk in the first and third quarters of the year).
To evaluate whether the apparent increased risk associ-
ted with a female gender could have been explained by a
ignificant difference in risk for a given procedure that was
nsufficiently captured by our original model, we performed
dditional analyses of the effect of age and gender, respec-
ively, on the risk of death by using additional terms for the
ender–age or gender–procedure interaction for each of the
1 categories of procedure. The addition of gender–age
nteraction terms produced a significant gender difference in
ortality only for children aged more than 1 year (OR 0.35,
 .001). The only factor for which a new gender effect on
ortality was revealed by the added gender–procedure in-
eraction terms was tricuspid valve repair (OR 8.76, P 
009). Bootstrapping produced risk estimates for each factor
hat were not statistically different from the primary model,
hus confirming the model’s internal validity.
Neither total charges nor length of stay was significantly
ifferent between males and females when all of the other
actors were taken into consideration.
iscussion
e found that female gender was associated with a signif-
cantly higher risk of in-hospital mortality among a national
ample of children undergoing surgery for congenital heart
isease in the year 2000. This difference was probably not
ue to variations in resource use during hospitalization,
ecause the risk-adjusted length of stay and total charges
ere not significantly different between the genders. We
lso found that the time between admission and operation,
atient age, African American race, and the presence of
ulmonary hypertension were important factors in deter-
ining mortality. As expected, there were also differences
n risk among the states in which the operations were
erformed and among the types or operations.
The crude, unadjusted analysis showed a small, statisti-
ally insignificant difference in in-hospital mortality be-
ween females and males. However, this difference be-
ame significant after adjustment for patient-related, health
ervices-related, and clinical factors. p
The Journal of ThoracicMost studies of mortality after surgery for congenital
eart disease have not identified a gender difference. Jen-
ins and colleagues22 did not find that gender was associ-
ted with increased probability of in-hospital mortality.
annan and colleagues25 did not report the risk-adjusted
robability of mortality, although the crude mortality risk in
heir study was calculated by Chang and colleagues20 to be
lightly higher for males. A difference in mortality for males
nd females was identified by Chang and colleagues,20 who
ound a significantly greater risk for females in a 3-year
ohort of discharge data from California. However, this
tudy was subject to several methodologic limitations, in-
luding a sample that was derived from a single state (ie,
alifornia), the exclusion of data from hospitals that per-
ormed fewer than 10 operations during the study period,
nd consideration of only the first 5 procedures for each
ecord to determine the operation by which each record was
lassified.
Among adults undergoing coronary artery bypass sur-
ery, females have higher operative, in-hospital, and long-
erm mortality, and are at greater risk of postoperative
orbidity.1-3 The explanations for females having worse
utcomes have generally addressed possible differences
n biology and medical care. Biological factors associated
ith female gender and worse outcome include greater age
t operation and higher prevalence of diabetes mellitus,
ypertension, renal insufficiency, and moderate obesity.
omen also tend to have smaller coronary arteries and may
ave different endovascular endothelial physiology and
laque pathophysiology. Differences in medical care in-
lude less likelihood of receiving thrombolytic therapy and
ardiac catheterization, frequent gender-based referral bias
or coronary artery bypass surgery, and greater probability
f requiring readmission after discharge following coronary
rtery bypass grafting. Of course, none of these apply to our
tudy population. In the current study, we assessed in-
ospital health care resource use by comparing risk-adjusted
otal charges. These did not differ significantly between
ales and females, suggesting that service use was not
ifferent. Because we assessed in-hospital mortality, an
pparent lower risk of death for males could have been
aused by earlier discharge of males, which would artifi-
ially reduce their “time at risk.” However, the risk-adjusted
ength of stay was comparable for females and males. Our
bility to consider biologic factors was somewhat limited by
he data source and sample size. We considered 4 comor-
idities and found that pulmonary hypertension was asso-
iated with a higher risk of mortality and that Down syn-
rome was associated with a lower risk of mortality,
hereas premature birth and failure to thrive were not
ignificantly associated with the risk of death. Pulmonary
ypertension has been well established as a determinant of
erioperative morbidity and mortality after operations to
and Cardiovascular Surgery ● Volume 133, Number 3 673
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Depair congenital heart disease.26 The effect of Down syn-
rome on immediate outcome is less clear. Previous studies
dentified increased risk of mortality after repair of ventric-
lar septal defects27 or atrioventricular canal,28 but they
ere limited by small sample sizes and little, if any, risk
djustment. However, it is also possible the differences in
urvival identified in our study are due to other comorbid
onditions and biological factors that were not characterized
n this administrative data set.
Neonates and infants had significantly higher risks of
ortality than older children. Although the frequencies of
he different types of surgery differed among age groups,
djustment for these differences did not eliminate age-
elated differences in mortality. When adjusted for the
ther factors in our model, the OR of death was 3.79 for
eonates (95% CI 2.25-6.39) and 2.78 for infants (95% CI
.88-4.12) compared with children aged 1 year or more.
hese ORs are consistent with those reported by other
nvestigators.20,23
African-American adults have a higher risk of mortality
fter coronary artery bypass graft surgery, possibly because
f increased frequencies of comorbid conditions and less
ccess to care.29,30 In contrast, significant racial and ethnic
ifferences in mortality after cardiac surgery in children
ave been identified in some studies,29 but not others.20,23
e found that risk-adjusted odds of mortality were 1.64
95% CI 1.14-2.35) times higher for African Americans
han for whites. A significantly increased risk of mortality
or other racial groups was not found.
Elective admissions were associated with approximately
alf the mortality risk (OR 0.51, 95% CI 0.35-0.75) of
mergency admissions. Because this difference was ob-
erved after adjustment for age, type of operation, and
ocioeconomic factors, it is likely that this association could
e due to unmeasured comorbidities or severity of illness.
The time between admission and operation was also
ignificantly associated with mortality. Surgery on the same
ay as hospital admission was associated with a lower
isk-adjusted mortality (OR 0.71, 95% CI 0.51-0.99). Each
uccessive day’s delay between admission and surgery was
ssociated with a slight, but statistically significant, increase
n adjusted risk (OR 1.01, 95% CI 1.00-1.02). Although the
actors responsible for the increased mortality risk associ-
ted with delays between admission and operation are not
epresented in our model, one could hypothesize that similar
actors affecting the risks associated with non-elective ad-
issions were also associated with this parameter.
The association of larger case volumes and lower mor-
ality for pediatric cardiac surgery has been shown by at
east 3 previous studies. Jenkins and colleagues22 found
hat, compared with centers that performed more than 300
perations annually, the risk-adjusted OR for mortality was
.7 at centers that performed fewer than 10 operations o
74 The Journal of Thoracic and Cardiovascular Surgery ● Marcnnually and approximately 3.0 at centers that performed
etween 10 and 300 operations annually. Hannan and col-
eagues25 and Chang and colleagues20 demonstrated an in-
reased probability of risk-adjusted mortality at centers that
erformed fewer than 100 operations per year compared
ith centers performing more operations. Our results show
uccessively decreasing mortality in each successive tertile
f case volume.
The major limitations of this study relate to the types and
uality of data available for analysis. Miscoding can occur
n administrative databases. To protect patient confidential-
ty, data in HCUP databases cannot be validated by com-
aring them with the source documents (hospital records)
rom which they are derived. To assess the potential impact
f miscoding, we reviewed the procedure and diagnosis
odes of a random sample of 20% of records with fatal
utcome, and the same number of nonfatal cases. No cases
ere encountered in which the procedure and diagnosis
odes were inconsistent. However, the potential effects of
issing information cannot be assessed. It is also possible
hat a patient could undergo operation, be discharged, then
eadmitted and undergo reoperation during the 1-year span
f our data. In such situations, the outcome of the second
dmission and operation could not be linked to the first. We
elieve that this situation is relatively infrequent, on the
asis of our clinical experience, the relatively short time
indow during which the sample was obtained, and a
ingle published series.31 Therefore, it is unlikely that this
ubstantially affected our results.
An important limitation of previous studies has been the
se of multiple years of data to increase sample size, thus
ntroducing unknown influences over time. Observations
ontained in KID were acquired from a single year, mini-
izing the influence of time-related biases. Outcomes can
iffer by geographic region, but this effect should be min-
mal in KID, which sampled from 27 states. There were
tatistically significant differences in mortality among the
tates, which was important to consider in the risk adjust-
ent for our model. However, because of the limited time
indow (ie, 1 year) for which data were obtained, and
ifferences in sampling among states, it is possible that this
nformation is sufficiently biased to prevent meaningful
omparisons of mortality risks among states.
Subtle associations are difficult to identify within small
ata sets. Our analysis was based on the largest, most
ontemporary data set that was created for health services
esearch. It is also possible that more males died after
ransfer to hospitals that did not participate in HCUP pro-
rams, or were discharged, readmitted, and died. Although
t is not possible to prove that this did not happen, our
linical experience is that these are not common scenarios
nd therefore are unlikely to have a significant effect on the
verall risk estimate. Finally, in-hospital mortality can arise
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Drom many causes, some of which may be unrelated to
urgical factors.
onclusions
emale gender was associated with an increased risk of
n-hospital death after pediatric cardiac surgery. In our
ational sample, the risk of mortality was 31% greater for
emales, when patient-related, health care system-related,
nd clinical factors were simultaneously considered. The
ifferences in outcomes do not seem to be related to health
ervices use. Future studies should be directed at identifying
nd characterizing the biological factors that may account
or this difference in survival.30
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